In the present competitive business environment, a more customer driven approach to production scheduling is required. The criteria considered for production scheduling objectives are generally derived from some desired production performance factors of a manufacturing system. Generally, the customers' orders are categorized as either normal or prioritized based on the delivery requirements. The production is planned against customers' orders, keeping in mind the customers' priorities. The problem of scheduling a given set of machines in a single-stage, multi-item compatible environment, with the objective of maximizing capacity utilization has been formulated (Bokkasam, 2016) as a maximal flow problem in a Multiple Arc Network (MAN) . The model provides optimal production schedule with an objective of maximizing capacity utilization, so that the customer-wise delivery schedules are fulfilled, keeping in view the priorities of the customers. The results of a working implementation of the MAN model using excel solver are presented in this paper. The same has been validated with results obtained using two examples. In future the managers will be able to use the worksheet for obtaining the results immediately, for scaledup scenarios.
Introduction
In the past decade, a large number of optimization models and approaches have been proposed for batch scheduling and planning. A number of reviews on the planning and scheduling of batch processes have been presented in the literature (Pinto and Grossmann, 1998; Kallrath, 2002; Floudas and Lin, 2004; Burkard and Hatzl, 2005; Mendez et. al, 2006; Pan et. al, 2009) . A decision support system for production planning has been presented by Gunter Schmidt (Gunter Schmidt, 1992; 1996) . Considering decision support system as a tool where executive's judgment can be included along with the mathematical tool kit of the management scientist, the need to include problem management as an integral component of the decision support system for scheduling problems have been highlighted (Klaus Ecker et. al, 1997) . Decision networks, which involve a sequence of decisions, is gaining popularity among the management scientists (Saksena, 1982; 1985) . The problem of scheduling a single-stage multiproduct batch chemical process with fixed batch sizes was presented (Maged and Brian, 1997) 
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integer nonlinear programming model to determine the schedule of batches, the batch size, and the number of overtime shifts that satisfy the demand at minimum cost for this process. Shashank et. al (2012) considered scheduling of a multi-item single stage production-inventory system in the presence of uncertainty regarding demand patterns, production times and switchover times.
Optimal scheduling of a set of orders in a multi-product batch plant with non-identical parallel processing units where the process is single stage is presented by Ridvan et.al (2007) . The allocation of orders to the production units was formulated as an mixed integer linear programming problem in continuous time. The short-term scheduling of a single-stage batch edible-oil deodorizer that can process multiple products in several product groups is considered by Songsong et. al (2010) . Sequence-dependent changeovers occur when switching from one product group to another. Based on the incorporation of products into product groups, mixed integer linear programming models were proposed for two scenarios, with and without backlogs.
A stochastic production planning model for a multi-period, multi-product system, where the lead time to produce a product may be random is developed by Steven Hackman et. al (2002) . A comparative study of algorithms for the flow shop scheduling problem is presented by Shiqiang Liu and Ong (2002) . The problem of allocating the limited capital resources to the various stages of a multistage production system, in order to improve the yield of the production stages and, at the same time minimize the annual cost is considered by George and Andreas (2003) . A heuristic procedure to derive non-permutation schedules from a given permutation schedule is given by Pugazhendhi et.al (2003) . The application of artificial neural networks to the problem of job shop scheduling with a scope of a deterministic time-varying demand pattern over a fixed planning horizon is given in Shan Feng et.al (2003) .
Since the pioneering work of Ford and Fulkerson (2010) in 1962, the use of network models and algorithms have proved to be particularly successful in different application areas. A Multiple Arc Network (MAN) model of production planning in a steel mill is presented by Sasidhar & Achary (1991) . A MAN model for production planning in a single-stage, multi-item compatible processing environment, which provides an optimal production plan, with the objective of maximizing the capacity utilization has been presented by Bokkasam (2016) . This paper presents the application of excel solver in maximizing the capacity utilization of the MAN model, assuming that the benefits of executing priority orders surpass the cost of equipment setup. The cases where the order books are full as well as when order books are not full have been considered, so that the managers will be able to use the worksheet for obtaining the results for scheduling and also that of spare capacity, for scaled-up scenarios.
Scheduling Procedure Using Excel Solver
As described in Bokkasam (2016), the PROCESSNET is represented by the MAN N=(s,t,V,A,b) with v=|V| vertices, representing the equipments and products. The arcs of A include all possible customer-wise orders and all possible products that can be processed on equipments. The procedure for planning and scheduling consists of the sequential applications of excel solver, using the notations in Bokkasam (2016).
Step 1:
Consider the PROCESSNET with single directed arcs (with arc number i=1). Maximize the flow along the network by considering the problem as one of linear programming models. Define the capacities along the arcs as follows: 
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Step 2:
Solve the problem using excel solver and determine the optimal flow.
The optimal scheduling is obtained by considering the optimal flows obtained in Step 1 and Step 2 for the prioritized and normal customer orders respectively.
The procedure also provides the machine-wise spare capacities whenever the order books are not full. Further, in case the order books are full, the optimal quantities to be supplied to the customers and the corresponding unfulfilled demands are also brought out.
Illustrative Examples
Application of the above procedure, using excel solver, is illustrated using two examples. Example 1 considers a simple situation of scheduling a workshop with two machines and three products, where each machine has equal capacity for each product and when the order books are full. The second example demonstrates the applicability of the procedure for a slightly bigger problem, using three machines and five products, where the machines have different capacities for different products and when the order books are not full. In general, the procedure is applicable for situations with any number of machines and products.
Example 1: 2 Machines and 3 Products (Scheduling when order books are full)
Consider a workshop having two similar lathes E 1 and E 2 which are being used for manufacturing three types of roller sets S 1 , S 2 and S 3 . Assume that both the lathes are capable of manufacturing any of the products and the capacity of each of the lathes (A kr ) is 400 units for each of the product. Consider the order position for priority orders and normal orders for the three roller sets S 1 , S 2 and S 3 to be as shown in Table  1 .
Note that changeover for handling one type of roller to the other type incurs certain time and associated costs. Since the changeover costs increase with the number of set ups, to minimize the costs associated with the set ups, similar types of products should be processed successively so that the total number of changeovers are minimized. This problem is equivalent to the problem of maximizing the total capacity utilization.
This example illustrates the steps in scheduling the workshop. The PROCESSNET for the workshop is as shown in Figure 1 . Step 1: Consider the PROCESSNET with single directed arcs (with arc number i=1).
The demand Dki for the product S k by Order type i will be as follows: D 11 =600, D 12 =400, D 21 =500, D 22 =300, D 31 =300 and D 32 =700.
The capacity along the arc from s to S k (k=1,2,3) is the order quantity Dki for the product S k by the order type i=1, viz., D 11 =600, D 21 =500, and D 31 =300 respectively. The capacity of the arc (S k , E r ) is considered as A kr which is the capacity of processing product S k by equipment E r . The capacities of the arcs (E r ,t) are considered as infinity in this example, it is considered as 10000000.
The excel formulation of the problem is shown in Table 2 . Using excel solver, the maximal flow as shown in Table 3 is obtained. Step 2: Consider the same PROCESSNET with single directed arcs (with arc number i=2).
The capacity along the arc from s to S k (k=1,2,3) is the order quantity Dki for the product S k by the order type i=2, viz., D 12 =400, D 22 =300, and D 32 =700 respectively. The excel formulation of the problem is shown in Table 4 . Using excel solver, the following maximal flow as shown in Table 5 is obtained. 
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The optimal scheduling is obtained by considering the optimal flows obtained in Step 1 and Step 2, which can be represented as in Table 6 . The optimal flows along the arcs (s,S k ) provides the optimal scheduling for the lathes 1 and 2 and for the products 1,2 and 3 respectively. In other words, f * = (600, 200, 500, 300, 300, 500) for the arcs (s,S k ).
Thus, the optimal quantities to be supplied to the priority and normal customers and the corresponding unfulfilled demands (as shown in the brackets) are as in Table 7 . Observe that there are 200 units each of unfulfilled quantities for normal customer for the products S 1 and S 3 . These quantities could be rescheduled with customer's concurrence. 
The capacities, scheduled/utilized capacities and the corresponding spare capacity available for the two lathes are shown in Table 8 . Consider the order position for priority orders and normal orders for the five roller sets S 1 to S 5 to be as shown in Table 10 . The optimal scheduling to the problem, using excel solver will be as in Table 11 . The optimal flows along the arcs (s,S k ) provides the optimal scheduling for the lathes 1,2 and 3 and for the products 1 to 5 respectively. In other words, f * = (200, 100, 100, 200, 50, 150, 300, 50, 150, 400) for the arcs (s,S k ).
Thus, the optimal quantities to be supplied to the priority and normal customers satisfy the ordered quantities, as shown in 
The capacities, scheduled/utilized capacities and the corresponding spare capacity available for the three machines are shown in Table 12 . 
Conclusion
In this paper, a working implementation of the excel solver for scheduling the MAN developed by Bokkasam (2016) is presented. The excel has been validated with results obtained and we can now solve large problems involving many machines and products. The methodology of the system described above is in general applicable to all single-stage, multi-item compatible production processes where the process can handle different types of products. Depending on the layout and process flow of the plant, a tailor-made production planning and scheduling system can be formulated using the suitable MAN and the excel solver application. In future, the managers will be able to use this technique for obtaining the results immediately for scaled-up scenarios. 
